Nanoparticle as signaling protein mimic: robust structural and functional modulation of CaMKII upon specific binding to fullerene C60 nanocrystals.
In a biological environment, nanoparticles encounter and interact with thousands of proteins, forming a protein corona on the surface of the nanoparticles, but these interactions are oftentimes perceived as nonspecific protein adsorption, with protein unfolding and deactivation as the most likely consequences. The potential of a nanoparticle-protein interaction to mimic a protein-protein interaction in a cellular signaling process, characterized by stringent binding specificity and robust functional modulation for the interacting protein, has not been adequately demonstrated. Here, we show that water-suspended fullerene C60 nanocrystals (nano-C60) interact with and modulate the function of the Ca(2+)/calmodulin-dependent protein kinase II (CaMKII), a multimeric intracellular serine/threonine kinase central to Ca(2+) signal transduction, in a fashion that rivals the well-documented interaction between the NMDA (N-methyl-d-aspartate) receptor subunit NR2B protein and CaMKII. The stable high-affinity binding of CaMKII to distinct sites on nano-C60, mediated by amino acid residues D246 and K250 within the catalytic domain of CaMKIIα, but not the nonspecific adsorption of CaMKII to diamond nanoparticles, leads to functional consequences reminiscent of the NR2B-CaMKII interaction, including generation of autonomous CaMKII activity after Ca(2+) withdrawal, calmodulin trapping and CaMKII translocation to postsynaptic sites. Our results underscore the critical importance of specific interactions between nanoparticles and cellular signaling proteins, and the ability of nano-C60 to sustain the autonomous kinase activity of CaMKII may have significant implications for both the biosafety and the potential therapeutic applications of fullerene C60.